background: About 10% of twins are born before 32 weeks of gestation and very preterm birth rates are increasing. Preterm twins tend to have more favourable outcomes than singletons of the same gestational age, but fewer data are available for very preterm infants. This study aims to determine whether outcomes differ between very preterm twins and singletons.
Introduction almost five times more likely than singletons to die in the neonatal period (Anthony et al., 2009) . Rates of cerebral palsy (CP) are higher for twins when compared with singletons (Pharoah, 2002; Topp et al., 2004) . Babies from multiple pregnancies are also affected by specific risks, which increase their mortality and morbidity, such as monochorionic placentation and birthweight discordance (Fowler et al., 1991; Hack et al., 2008; Pharoah, 2005; Bonellie et al., 2005; Tan et al., 2005) .
The relative risks of adverse outcome for twins compared with singletons differ by gestational age. Twins have higher rates of perinatal mortality than singletons at term, but lower gestational age specific mortality before term (Kiely, 1998; Glinianaia et al., 2000; Alexander and Salibu, 2005) . At very early gestational ages (below 32 weeks of gestation), however, the relative risks of poor outcome between singletons and twins are less well described, and available results are less consistent. Most studies from neonatal intensive care units have reported a similar or lower risk of death in twins than in singletons for these babies (Kilpatrick et al., 1996; Nielsen et al., 1997; Donovan et al., 1998; Mizrahi et al., 1999; Jacquemyn et al., 2003; Garite et al., 2004) , although others have found different results (Hayes et al., 2007) . Also, when extremely preterm infants (i.e. below ,28 weeks) are considered, there is some evidence of higher neonatal mortality and less favourable long-term outcome for twins (Western Australia Cerebral palsy register, 2000; Bonellie et al., 2005) .
Preterm birth rates are rising among twins in a large part because of increasing obstetrical interventions aimed at preventing stillbirth and neonatal morbidity (Kogan et al., 2000; Ananth et al., 2004) . Thus, it is very important to have up-to-date information on the associated risks. Furthermore, medical advances for the care of very preterm newborns have evolved since many of the population studies on twin outcome were published. Twins, who are recognized as having high risk pregnancies early in gestation, may be more likely to benefit from these advances. Infant mortality, for instance, has declined more rapidly for twins than for singletons in the USA (Parker et al., 2001) .
This study aimed to determine whether the lower mortality and morbidity that has been documented among preterm twins compared with singletons was also observable in the very preterm period, using a large population based cohort of births under 32 weeks of gestation in 2003 from 10 European regions participating in the MOSAIC study.
Materials and Methods
The MOSAIC study was a prospective cohort study of all stillbirths and live births from 22 þ0 to 31 þ6 weeks of gestation in 10 regions in 9 European countries in 2003 (Van Reempts et al., 2007; Zeitlin et al., 2008) . Study regions were: Flanders in Belgium, the Eastern Region of Denmark, six districts of the Ile-de-France region of France, Hesse in Germany, Lazio in Italy, the Central and Eastern region of the Netherlands, Wielkopolska and Lubuskie in Poland, the Northern region of Portugal and the Northern and Trent regions of England. Between 30 000 and 65 000 live births took place in each MOSAIC region in 2003, with the exception of the larger French region (135 000 births). The study period was from 1 January to 31 December 2003 with the exception of the Ile-de-France region (1 February to 31 August). Regions represented different organizational models of perinatal care identified in a previous European collaboration (Zeitlin et al., 2004) . The study objectives for the MOSAIC study were to describe the organization of care for very preterm babies and their characteristics, health care and health outcomes.
The MOSAIC consortium defined data items with common definitions to be collected for each baby from information available in medical records. Data were abstracted from records in the neonatal units for babies admitted to neonatal care. For stillbirths and babies dying before admission to a neonatal unit, the data sheets were filled in from obstetric records. In some regions, data from obstetric records were also used for babies admitted to neonatal care (regions in the Netherlands, Belgium, Poland and Italy). The MOSAIC research instruments were pre-tested in all regions to verify that the information was contained in medical records and that the proposed definitions were feasible in all regions. Inclusions were cross-checked with birth registers in each maternity unit. Gestational age was based on the best obstetrical assessment, using information on last menstrual period and ultrasound measures. Ultrasound scans for dating pregnancies are part of routine antenatal care in the MOSAIC regions. Babies were followed until discharge home from hospital or into long-term care or death. Ethics approval was obtained for the collection of this data as required in each of the regions.
Analyses were carried out on the sub-sample of fetuses alive at the onset of labour or when the decision was made to carry out an indicated Caesarean section. Because some live births or intrapartum deaths at 22 and 23 weeks may not have been included in the cohort if the birth occurred outside of an obstetric ward or if some babies with signs of life were recorded in medical records as stillbirths or not included in maternity registers, we excluded births at 22 and 23 weeks of gestation. Therefore 86 twins (6.4%) and 228 singletons (5.9%) were excluded. In the MOSAIC cohort, few babies survived to discharge before 24 weeks of gestation (four twins and eight singletons).
Babies with a lethal congenital anomaly or for whom a congenital anomaly was listed as the principal cause of death were also excluded because of the large differences in antenatal screening policies in the MOSAIC regions (Papiernik et al., 2008) . All teams reviewed lists of congenital anomalies to verify that criteria for determining lethal congenital anomalies were similar. There were 6 twins and 83 singletons excluded for this reason (0.5 and 2.3% of the sample, respectively).
Outcome measures were in-hospital mortality including death during labour, in the obstetrical unit and NICU until discharge from hospital, periventricular leucomalacia (PVL) Grade III or IV intraventricular haemorrhage (IVH) and bronchopulmonary dysplasia (BPD) defined as supplemental oxygen requirements or artificial ventilation at 36 weeks corrected age.
Information was collected on medical complications of pregnancy and healthcare factors. Complications during pregnancy included maternal hypertension, intrauterine growth restriction (measured as a birthweight under the 10th percentile of the cohort distribution of birthweight by sex and week of gestation), any non-lethal malformation, twin to twin transfusion syndrome (TTTS), preterm rupture of membranes (PROM) and other births after spontaneous labour, defined as spontaneous onset preterm births not associated with previous complications. Healthcare variables included administration of any corticosteroids to the mother to enhance fetal lung maturity, delivery in a level 3 perinatal centre and Caesarean section before and during labour.
The MOSAIC instruments did not collect information on monochorionic placentation because the data were abstracted from information in medical records in the neonatal units. To measure the effect of monochorionic placentation, we used, as a proxy, whether the twins were from same or different sex pairs, since at least all monochorionic twins are of the same sex. We also looked at the difference in birthweight within twin pairs and defined birthweight discordance as the weight of the lighter twin being at least 15% lower than the weight of the heavier twin, which is a commonly used lower threshold (Blickstein and Kalish, 2003; Yinon et al., 2005) . The study also included information on birth order, another twin specific characteristic that could affect outcome.
Data analysis
We first computed the rates of very preterm singleton and twin births using as denominators the total numbers of singleton and twin births provided by each regional study team for the whole of 2003 (or the period 1 February to 31 August 2003 for the Ile-de-France region). In the Netherlands, where the study regions do not correspond to administrative regions, these numbers were estimated from the proportion of twins in national data as well as the proportion of twin births that took place in the maternity units located in the study region in the year preceding the study.
We then compared the distribution of variables between very preterm singletons and twins using the x 2 or the t-test for independent samples, as appropriate. The analysis was carried out on the total sample and separately for the subgroups of babies 24 -27 and 28 -31 weeks of gestation to assess whether results differed in the most preterm babies. Logistic regression was used to compute unadjusted and adjusted odds ratios (ORs) comparing twin versus singleton pregnancy outcomes. Adjusted models included clinical characteristics (gestational age, sex, maternal age), pregnancy complications (hypertension, maternal haemorrhage, PROM, other spontaneous births, small for gestational age and non-lethal congenital anomalies) and healthcare practices (antenatal corticosteroids, birth in level III and mode of delivery). We used robust standard errors to take into consideration correlation between twin pairs using the cluster command in STATA 8 SE. ( 
Results
In the MOSAIC regions, there were 3586 singletons and 1254 twins between 24 and 31 weeks of gestation without lethal congenital anomalies and alive at onset of labour or decision to induce delivery. Over the same period, there were 478 482 singleton and 15 668 twin live births at all stages at gestation. Thus, very preterm live birth rates were 7.4 per 1000 for singletons and 80.0 per 1000 for twins, giving a relative risk of 10.7 (95% CI 10.0 -11.4). Rates were 2.3 and 22.8 per 1000 for singletons and twins between 24 and 27 weeks of gestation and 5.2 and 57.2 per 1000 between 28 and 31 weeks, which correspond to a slightly lower relative risk for twins at earlier gestational ages [10.0 (8.8 -11.2) versus 11.0 (10.2-11.9)]. Table I presents the clinical characteristics and healthcare practices for these very preterm twin and singleton births. Mean birthweights were not significantly different for twins and singletons, although singletons had lower mean gestational age overall. Maternal age was higher for twins, in particular for births at 28 -31 weeks of gestation. Twins had a lower prevalence of certain pregnancy complications including maternal hypertension, haemorrhage, non-lethal congenital anomalies and small for gestational age. Twins were significantly more likely to have a spontaneous onset of labour and PROM. TTTS was present in 5% of twin births. Twins were more likely to receive antenatal corticosteroids. After 28 weeks, they were more likely to be born in level 3 perinatal centres. There were fewer twins born by pre-labour Caesarean section, but they had higher rates of Caesarean section during labour.
In Table II , outcomes of very preterm twin births compared with singletons are presented as crude estimates, estimates adjusted for clinical variables, and estimates adjusted for both clinical and healthcare variables. When all births 24-31 weeks were considered together, twins had outcomes similar to singletons. At 24-27 weeks of gestational age, twins had higher rates of death, severe IVH and BPD; for the latter, however, the difference was not statistically significant in the crude analysis. Point estimates for mortality and IVH decreased slightly after adjustment for clinical variables, but increased to 1.51 (95% CI 1.09 -2.10) and 1.48 (1.01-2.17), respectively, with inclusion of healthcare variables, and specifically antenatal steroids, in the model. At 28-31 weeks, twins had significantly lower unadjusted risks of death and BPD, but the advantage disappeared after adjustment for clinical variables. For BPD the change in OR was mainly related to adjustment for clinical factors, although for mortality both clinical and healthcare factors contributed to raising the OR towards the null. Rates of mortality according to gestational age, for twins and singletons, are presented in Fig. 1 . Table III describes outcomes for twin births according to whether they belonged to a same sex or different sex pair and had discordant or non-discordant birthweight. There were large differences in outcome between twins from same sex versus different sex pairs, especially for the subgroup 24 -27 weeks of gestation. The mortality rate was 50.4% for twins from same sex pairs versus 33.6% for different sex pairs (P , 0.004). Mortality was also higher in same sex twins in the later period of gestation, but the difference was not statistically significant. A similar difference was observed for IVH at 24-27 weeks of gestation (28.8% same sex versus 15.0% different sex), with no significant difference at 28 -31 weeks. Birthweight discordance between twins was also a risk factor for adverse outcome in the period before 28 weeks of gestation, with significant increase in death, severe IVH and BPD. Rates of cystic PVL were higher among discordant twin pairs at 28-31 weeks of gestation, but other outcomes did not differ significantly.
To assess the combined effects of these factors, risk was assessed for four groups with respect to whether they came from same sex or discordant pairs. The breakdown of twins in these four groups was 21.9% (different sex, non-discordant), 10.0% (different sex, discordant), 41.5% (same sex, non-discordant) and 26.6% (same sex, discordant). This analysis showed that twins born between 24 and 27 weeks of gestation from same sex discordant pairs were at highest risk, whereas same sex twins that were not from discordant pairs and discordant pairs of different sex were not at greater risk than twins from different sex/non-discordant pairs for death or IVH. Discordance was also a risk factor for BPD for different sex twins. When compared with singletons as a reference group, twins from same sex discordant pairs had a OR of 2.8 for in-hospital mortality, 3.1 for IVH and 2.5 for BPD. The impact of same sex and discordance was not significant for the selected outcome measures for twins born between 28 and 31 weeks of gestation, with the exception of cystic PVL for which discordant twins had elevated odds at the limit of significance.
Because birth order is another factor specific to twins that can explain poor outcomes, we also tested its impact. However, mortality and IVH were not significantly different for first versus second order twins (mortality: 16.6 and 15.5% and IVH: 9.2 and 8.0, respectively; data not in Tables) for all births at 24 -31 weeks of gestation; results were similar when stratified by the two gestational age groups. Includes all spontaneous onset births not associated with hypertension, haemorrhage, PROM, growth restriction, TTTS or congenital anomalies; CA, congenital abnormalities; PROM, premature rupture of membranes.
Discussion
When very preterm babies from 24 to 31 weeks of gestation were studied together, there was no apparent effect of twin pregnancy on outcome because higher mortality below 28 weeks of gestation was obscured by lower mortality from 28 to 31 weeks. The survival advantage of twins between 28 and 31 weeks appeared to be linked to a more favourable clinical profile and better perinatal care as it decreased after adjustment for clinical variables, and even further after inclusion of healthcare factors. Table I ), and MOSAIC region; Robust standard errors used to take into consideration correlation between twin pairs; 5 OR as in previous model with the addition of type of delivery, antenatal corticosteroids and birth in a level 3. PVL, periventricular leucomalacia; IVH, intraventricular haemorrhage; BPD, bronchopulmonary dysplasia. 76, 34, 141 and 88 babies in the four groups at 24 -27 weeks of GA and 192, 88, 366 and 237 at 28 -31 weeks of GA.
7 OR for twins with singletons as the reference group adjusted for gestational age, maternal age, pregnancy complications, type of delivery, antenatal corticosteroids, birth in level 3 and MOSAIC region with robust standard errors to take into consideration correlation between twin pairs. PVL, periventricular leucomalacia; IVH, intraventricular haemorrhage; BPD, bronchopulmonary dysplasia.
gestation had higher rates of mortality and IVH compared with singletons in the same gestational age group; these adverse outcomes were concentrated among twins from same sex pairs with discordant birthweights. Although our primary analyses compared twin and singleton very preterm births alive at onset of labour, it is important to keep in mind that twins remain at much higher risk of preterm birth and therefore have higher risks of death and morbidity due to preterm birth: twins were 10 times more likely to be a very preterm live birth than singletons. This study's strength was its inclusion of a large number of very preterm infants in a population based cohort with a rigorous protocol for checking the completeness of recruitment. Data on clinical risk factors and morbidity were also collected according to standardized definitions. Its limitation was the absence of data on zygosity and chorionicity, which were not systematically recorded in neonatal records in participating regions; we thus used information on same sex pairs which makes it possible to identify higher risks associated with monozygotic twin pairs, but underestimates their magnitude. We also did not have information on the use of subfertility procedures; these increase the proportions of dizygotic twins, but might also be associated with a greater risk of adverse outcomes (Verstraelen et al., 2005) . We also did not have information about singleton births that may have been twin pregnancies with a vanishing twin, a condition associated with a higher risk of poor neurological outcome (Pharoah, 2002) .
Our results confirm findings from other studies showing that very preterm twins born between 28 and 31 weeks of gestation do not have an excess risk of mortality or short-term morbidity compared with singletons once differences in risk factors are taken into consideration (Kilpatrick et al., 1996) and that overall, because of the differences in risk factors, they have better unadjusted health outcomes (Jacquemyn et al., 2003) . These twins had a different risk profile than singletons; they were less likely to be from pregnancies complicated by hypertension, growth restriction and antepartum haemorrhage and were more likely to receive corticosteroids and be born in a level III unit. Both clinical differences and healthcare factors appeared to account for better unadjusted outcomes for mortality, whereas differences in clinical factors appeared more important in explaining the twin advantage for BPD. The risk of BPD is strongly affected by growth restriction (Manktelow et al., 2001 ) which was more prevalent among singleton births between 28 and 31 weeks of gestation. Healthcare factors, and in particular, antenatal corticosteroids administration, which was more frequent among twins in this gestational age group, would be expected to exert a stronger effect on mortality (Roberts and Dalziel, 2006) .
Although twins born before 28 weeks of gestation were also less likely than singletons to be from pregnancies complicated by hypertension, IUGR and maternal haemorrhage, and more likely to have received antenatal corticosteroids, they nonetheless had higher rates of mortality and Grade III -IV IVH. The relative risk of mortality was highest, however, once healthcare practices and in particular corticosteroid administration was taken into account. For these babies, we explored the hypothesis that complications specific to twins, namely same sex as proxy for monochorionicity and growth discordance, were responsible for the greater risk of adverse outcome (Hack et al., 2008; Bonellie et al., 2005; Acosta-Rojas et al., 2007) .
We found that same sex pairs had higher levels of mortality and Grade III and IV IVH, but only below 28 weeks of gestation. This elevated risk was concentrated among same sex pairs with discordant growth whereas twins from same sex pairs with non-discordant growth had outcomes similar to singletons. Monochorionic pregnancies without growth restriction or TTTS have been found elsewhere to have mortality and morbidity outcomes similar to dichorionic twins (Acosta-Rojas et al., 2007) . Discordant twins from different sex pairs were not at higher risk of death or brain haemorrhaging, but had higher rates of BPD. This finding is consistent with research that identifies growth restriction as a key risk factor for respiratory morbidity in very preterm babies (Manktelow et al., 2001) . For twins born after 27 weeks of gestation, these variables did not have a significant impact on death, IVH or BPD. This could reflect the fact that the impacts of the complications of monochorionicity, such as TTTS, are particularly acute before 28 weeks of gestation (Hikino et al., 2007) . However, other research has found that monochorionicity remains a risk factor for poor outcome also later in pregnancy (Pharoah, 2002; Hack et al., 2008) . Birth order, another risk factor specific to twins, did not have an impact on mortality or IVH in our sample corroborating the findings from other recent studies of very preterm twins (Garite et al., 2004; Smith et al., 2007) .
In summary, despite the fact that hypertension, growth restriction and maternal haemorrhage were less frequent complications of twin birth and that more twins received antenatal corticosteroids, extremely preterm twins below 28 weeks of gestational age remained at a significantly higher risk of both death and severe intracranial haemorrhaging. These adverse outcomes were specific to twins from same sex and birthweight discordant pairs. Why the effects of these twin-specific complications were so much more pronounced for extremely preterm births is an area for further study. Presenting outcomes for twins by gestational age group is necessary to capture the higher risks experienced by the most preterm babies.
